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© A toner concentration detecting circuit for detect- 
ing a toner concentration of two-component devel- 
oper composed of toner and carrier by detecting a 
change of magnetic permeability of the two-compo- 
nent developer, for use in a developing device of an 
image recording apparatus. The toner concentration 



detecting circuit includes a sensor by which a 
change of magnetic permeability of the two-compo- 
nent developer is detected, a waveform corrector, a 
counter connected to a control CPU and a gate 
signal generating circuit connected to the control 
CPU by which a gate signal is sent to the counter. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an imag re- 
cording apparatus such as an electrophotographic 
copier having a toner concentration detecting cir- 
cuit by which a change in magnetic permeability of 
a two-component developer made of toner and 
carrier is detected so that toner concentration in 
the developer can be known. 

In an image recording apparatus such as an 
electrophotographic copier and a facsimile, a docu- 
ment is irradiated by a light beam, and an image is 
recorded on a recording sheet by reflected light 
from the document, or by an electric signal of the 
image sent from the outside. 

In this type of image recording apparatus, a 
visual image is formed using the two-component 
developer made of toner and carrier, and is re- 
corded on the recording sheet. In the two-compo- 
nent developer, a toner mixing ratio to a predeter- 
mined carrier weight is 4 to 10 weight %. The toner 
is decreased when recording is conducted, and 
therefore, it affects density of a copied image. 
Accordingly, in order to obtain a recorded image 
with a constant density, it is necessary to detect 
toner concentration in the developer, to supply 
toner to the developer when the toner concentra- 
tion is decreased, and to control the toner con- 
centration so that it is within an appropriate range. 

Conventionally, the following methods are 
widely known to detect toner concentration: a 
method in which a toner image density is optically 
detected according to a small piece having refer- 
ence density; and a method in which a toner con- 
centration detecting sensor composed of a coil is 
provided close to the developer, and magnetic per- 
meability of the developer is measured by the 
sensor so that the toner concentration (toner mixing 
ratio) in the developer can be known. The method, 
by which magnetic permeability is measured, has 
advantages that the magnetic permeability can be 
always measured, and it is not necessary to 
change copying processes. The detected toner 
concentration is compared with a toner concentra- 
tion reference value, and the toner is supplied so 
that the toner concentration in the developer can 
be always maintained. 

Fig. 6 is a block diagram showing circuits by 
which the toner concentration is detected from the 
magnetic permeability of the developer, and which 
are applied to a developing section of a conven- 
tional image recording apparatus. In the drawing, 
numerals 51 Y, 51 M, 51 C, 51 K are toner concentra- 
tion detecting sensors which are provided in devel- 
oping devices in which yellow (Y), magenta (M), 
cyan (C), black toners are respectively loaded, and 
by which toner concentration is detected according 
to the change of an oscillation frequency depend- 



ing on th magnetic permeability of the develop r. 
Numeral 52a is an analog multiplexer by which one 
of signals sent from the plurality of sensors 51 Y to 
51 K is selected by a selection signal sent from a 

5 CPU 50, and sent to the next circuit, and numeral 
53b is a waveform correction circuit in which a 
Sen mitt circuit is used. Numeral 54a is a counter, 
for example, a 9-bit counter, which counts pulses in 
a predetermined time by a gate signal sent from a 

w gate signal generating circuit 55a. Numeral 55b is a 
resonance circuit using a ceramic oscillation ele- 
ment. Numeral 58 is a D/A converter. Numeral 59 
is a sample/hold circuit which samples and holds 
an analog value inputted by the sample/hold signal 

75 sent from the gate signal generation circuit 55a. 
Numeral 60 is a differential amplifier, and numeral 
61 is an A/D converter accommodated in the CPU 
50. 

Outputted values from sensors 51 Y to 51 K are 

20 increased when a frequency is increased as the 
toner concentration of the developer is increased. 
One of the outputs is selected by the analog mul- 
tiplexer 52a, waveform-corrected through a 
waveform correction circuit 53b, and after that, the 

25 number of pulses in a predetermined time is count- 
ed by the counter 54a. The counted value (digital 
value) is converted into a voltage value by the D/A 
converter 58, and after that, the voltage value is 
held by the sample/hold circuit 59. The held volt- 

30 age value is inputted into the differential amplifier 
60 together with the voltage value into which a. 
digital value outputted from the CPU 50 is con- 
verted by the D/A converter 58, wherein the digital 
value is outputted from the CPU 50 to correct 

35 deviation due to the kind of the developer or an 
intrinsic error of the developing device. After that, 
the voltage value is amplified by the differential 
amplifier 60 and inputted into CPU 50. The inputted 
value is converted into a digital value by A/D con- 

40 verter 61 in the CPU 50, and after that, it is 
compared with a reference value. A toner replen- 
ishing direction signal is outputted to a toner re- 
plenishing means 17 corresponding to the differ- 
ence between the above two values, and the toner 

45 is replenished to the developer. 

In the toner concentration detecting circuit of a 
conventional image recording apparatus as de- 
scribed above, sensitivity of a sensor, that is, a 
change of the oscillation frequency of the sensor to 

so a change of toner concentration of the developer, is 
extremely low. The sensitivity is as follows: when a 
center frequency of the sensor is 200 KHz, the 
frequency increases by 0.8 KHz as the toner con- 
centration increases by 1 wt%. That is, when a 

55 gate time is 10 ms, the frequency increases by 8 
pulses with respect to a 1 % increase of the toner 
concentration. Accordingly, a change of the toner 
concentration is 0.125 % per pulse, so that a highly 
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accurate circuit is necessary. 

However, as described above, in the conven- 
tional toner concentration detecting circuit, the cir- 
cuit is complicated; noises are caused and an rror 
becomes large because A/D conversion is further 
carried out after D/A conversion; and the cost be- 
comes high, which are problems. 

Further, because many analog circuits are 
used in the detecting circuit, an error in the circuit 
becomes large when voltage of a power source or 
t mperature is varied, or variations in parts are 
caused. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an image recording apparatus with a toner con- 
centration detecting circuit in which cost is low, and 
toner concentration can be always maintained with- 
in an appropriate range. 

An embodiment to accomplish the object of the 
present invention is as follows: in an image record- 
ing apparatus with a toner concentration detecting 
circuit by which a change of magnetic permeability 
of a two-component developer made of toner and 
carrier is detected so that toner concentration of 
the developer can be detected, the image forming 
apparatus with a toner concentration detecting cir- 
cuit comprises; a sensor by which a change of 
magnetic permeability of the developer is detected; 
a waveform corrector; a counter connected to a 
control CPU; and a gate signal generating circuit 
connected to the control CPU by which a gate 
signal is sent to the counter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a block diagram showing an example 
of the toner concentration detecting circuit of an 
image recording apparatus of the present invention. 

Rg. 2 is a schematic view showing a structure 
of an example of the image recording apparatus of 
the present invention. 

Rg. 3 is a sectional view showing a structure of 
an example of a developing device shown in Fig. 2. 

Rg. 4 is an illustration showing an output con- 
dition in toner concentration detection. 

Rg. 5 is a circuit diagram of an example in 
which output signals of sensors are changed over. 

Rg. 6 is a block diagram showing an example 
of a conventional toner concentration detecting cir- 
cuit. 

Rg. 7 is a flow chart showing a voltage change 
of an image carrier when a multi-color toner image 
is formed according to the example shown in Fig. 
2. 



DETAILED DESCRIPTION OF TIE PREFERRED 
EMBODIMENTS 

Rg. 2 is a sch matic view showing a structure 
5 of an example of an image recording apparatus of 
the present invention. Rg. 7 is a flow chart showing 
a voltage change of an image carrier when a multi- 
color toner image is formed according to the exam- 
ple. Referring to Rg. 2 and Rg. 7, a basic structure 
10 and operations of the example will be described as 
follows. 

In Rg. 2, numeral 10 is a photoreceptor drum 
which is an image carrier. It is grounded, for exam- 
ple, by means of coating an OPC photoreceptor 

75 layer on the drum, and is rotated clockwise. Nu- 
meral 12 is a scorotron charger by which the 
peripheral surface of the photoreceptor drum 10 is 
uniformly charged with a negative electric potential 
of V H (-600 to -800 V) by a corona discharge using 

20 a grid, a potential of which is maintained at a 
predetermined potential V G (-550 to -850 V), and a 
corona discharge wire. Prior to charging by the 
scorotron charger 12, the peripheral surface of the 
photoreceptor drum is discharged when exposure 

25 is conducted by a pre-charging exposing means 
(PCL) 11 using a light emitting diode or an expo- 
sure lamp in order to eliminate any trace of the 
preceding printing operation on the photoreceptor 
drum. 

30 After the photoreceptor drum 10 has been uni- 

formly charged, imagewise exposure according to 
an image signal is carried out by a laser writing 
device 13 which is an imagewise exposure means. 
A latent image is formed on the photoreceptor 

35 drum 10 by the imagewise exposure when an 
image signal is inputted from a CPU into the laser 
writing device 13, or the image signal outputted 
from an image reading device is inputted into the 
laser writing device 13 after the image signal has 

40 been processed in an image signal processing 
section. 

A light emitting source of the laser writing 
device 13 is a laser diode (not shown in the draw- 
ing). A laser beam emitted from the laser writing 

45 device 13 passes through a rotating polygonal mir- 
ror 131, an fa lens 132, and the like. Its light path is 
bent by a plurality of reflection mirrors M1, M2, M3 
for scanning, and a latent image is formed by 
rotation of the photoreceptor drum 10 (subsidiary 

so scanning). In the example, exposure is conducted 
on an image section according to the image signal, 
and a reversal latent image is formed in which an 
absolute value of the electric potential on the im- 
age section is V L (-100 V to 0 V) as shown in Fig. 

55 7. 

Developing devices 14 in which developers 
composed of yellow (Y), magenta (M), cyan (C), 
and black (K) toners, which are negatively charged, 
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and carrier are accommodated r spectively, are 
provided around the photoreceptor drum 10. At 
first, the first color development is conducted by a 
developing sleev 141 in which a magnet roller is 
accommodated, and which is rotated while holding 
the developer thereon. The developer is composed 
of: carrier in which ferrite is used as a core, with 
insulating resin coated around the core; and toner 
T in which polyester is used as the main material, 
and a pigment according to the color, a charge 
control agent, silica, and titanium oxide are added 
to the main material. A layer thickness of the 
developer is regulated to 300 to 800 urn on the 
developing sleeve 141 by a layer forming bar, and 
th developer is conveyed to a developing area. 

A gap between the developing sleeve 141 and 
the photoreceptor drum 10 in the developing area 
is 0.4 to 1.0 mm which is larger than the layer 
thickness of the developer. An AC bias voltage of 
Vac (1-5 to 3.0 kV P _ P )and a DC bias voltage of 
(-500 to -700 V) are superimposed and impressed 
upon the gap. Vdc, V h , and a charging potential of 
toner T have the same polarity (negative), and 
therefore, the toner T which separates from the 
carrier, does not adhere to a V H portion having an 
absolute value of potential higher than Vdc. but 
adheres to a V L portion having an absolute value of 
potential lower than Vqc according to the potential 
difference therebetween, and development (rever- 
sal development) is carried out. 

After the first color development has been 
completed, the image forming operation enters into 
the second color image forming process, the image 
forming surface is uniformly charged again by the 
scorotron charger 1 2, and a latent image according 
to the second color image data is formed by an 
imagewise exposure means 13. Charge elimination 
which has been conducted in the first color image 
forming process -by the pre-charging exposure 
means 1 1 , is not carried out this time because the 
toner T adhered to the first color image portion 
scatters when the potential surrounding the image 
portion is suddenly lowered. 

In a photoreceptor having a potential of V H 
covering the entire peripheral surface of the 
photoreceptor drum 10, the latent image is formed 
in the same way as that of the first color, and 
developed on portions on which the first color 
image does not exist. When imagewise exposure 
and development are conducted again on a portion 
on which the first color image exists, a latent image 
having a potential of V T isformed by light insulation 
by the toner adhered to the first color image por- 
tion and the electric charge of toner itself, and 
developed corresponding to the potential differenc 
between Vdc and V T . When the first color develop- 
ment is conducted on the latent image having a 
potential of V L on a portion on which the second 



color image is sup rimposed on the first color 
image, balance between the first color image and 
the second color image is lost. Therefore, some- 
times, the first color xposure amount is deer ased 
5 to the amount corresponding to an intermediat 
potential which is obtained by the following for- 
mula. 

V H > V M (-100 to -300)> V L 

70 

The same image forming processes as that of 
the second color image are conducted on the third 
color and the fourth color images, and a four color 
toner image is formed on the peripheral surface of 

75 the photoreceptor drum 10. 

A recording sheet P having been conveyed 
from a sheet feeding cassette 20 in timed relation 
with the toner image on the photoreceptor drum 10 
by a sheet feed mechanism 21 and a timing roller 

20 23 is fed to a transferring area by a transferring 
belt device 30 around which a transferring belt 31, 
which is a conveyance member, is stretched and a 
multi-color image on the peripheral surface of the 
photoreceptor drum 10 is collectively transferred 

25 onto the recording sheet P. 

A bias voltage of about 2 kV is impressed upon 
a rotation shaft 32a of a holding roller 32 which is 
provided upstream of a holding roller 33, around 
both of which the transferring belt 31 is stretched, 

30 just before the leading edge of the recording sheet 
P arrives at the holding roller 32 from a high 
voltage power source not shown in the drawings. A 
conductive brush 34 is provided to a portion of the 
rotation shaft 32a, with which the recording sheet P 

35 is contacted through the transferring belt 31, as a 
charge applying means to the recording sheet P 
under the grounded condition through a current 
detecting circuit, which will be described later. The 
conveyed recording sheet P enters between the 

40 brush 34 and the transferring belt 31, an electric 
charge is given from the brush 34 to the recording 
sheet P for uniform charging, and thereby, the 
attractive force is generated between the recording 
sheet P and the transferring belt 31 . Therefore, the 

45 recording sheet P is attracted and conveyed by the 
transferring belt 31 . Thereby, the recording sheet P 
enters a nip portion (transferring area) 35 which is 
formed by the photoreceptor drum 10 and the 
transferring belt 31. A bias voltage of about 6 kV is 

50 impressed upon a transfer device 36, which is a 
corona discharger, or a bias roller, instead of the 
discharger, from the rear surface of the transferring 
belt 31 through a constant current control circuit 
from a high voltage power sourc not shown in the 

55 drawings, and a transferring electric field is formed 
on the recording sheet P. Therefore, the multi-color 
toner image is collectively transferred onto th re- 
cording sheet P. 
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The recording sheet P t which is separated from 
the photoreceptor drum 10 and has a multi-color 
toner imag thereon, is discharged by AC corona 
discharge by a discharger 15, the position of which 
is changed, using a shaft 33a of the holding roller 
33, around which the transferring belt 31 is wound, 
as an opposing electrode, wherein the holding roll- 
er 33 is provided on the downstream side of the 
holding roller 32. After that, or while being dis- 
charged by AC corona discharge, the recording 
sheet P is separated from the transferring belt 31. 
Numeral 37 is a cleaning blade, and toner adhered 
to the rotating transferring belt 31 is removed by 
the cleaning blade 37. During the multi-color toner 
image formation, the holding roller 32 is rotated 
clockwise, and is rotated around the shaft 33a of 
the holding roller 33, which is provided on the 
downstream side of the holding roller 32, as a 
rotation center, and the transferring belt 31 of the 
transferring belt device 30 is separated from the 
photoreceptor drum 10. 

The recording sheet P which holds the multi- 
color image thereon and is separated from the 
transferring belt device 30, is conveyed to a fixing 
device 24 which is composed of two pressing 
rollers, wherein a heater is accommodated inside at 
least one roller or provided at an outside portion 
close to the roller. The toner adhered to the record- 
ing sheet P is fused when the recording sheet is 
heated and pressed between two pressing rollers, 
and is fixed onto the recording sheet P. After that, 
the toner is delivered to the outside of the appara- 
tus. 

On the other hand, toner remaining on the 
peripheral surface of the photoreceptor drum 10 
after transfer, is electrically discharged by a dis- 
charger 15 using the AC corona discharger, and 
after that, conveyed to a cleaning device 16 which 
is a cleaning means. The toner is scraped down 
into the cleaning device 16 by a cleaning blade 
16a, which is made of rubber and contacted with 
the photoreceptor, delivered by a screw, and after 
that, the toner is collected into a collection box. 

After the photoreceptor drum 10, from which 
the remaining toner is removed by the cleaning 
device 16, is exposed by the pre-charging expo- 
sure means 11, it is uniformly charged by the 
scorotron charger 12, and enters the next image 
forming cycle. The cleaning blade 1 6a is separated 
from the photoreceptor surface during the multi- 
color image formation, and the AC discharge by 
the discharger 1 5 is turned OFF. 

Numeral 17 in Fig. 2 is a toner replenishing 
means by which toners T of yellow (Y), magenta 
(M), cyan (C), black (K) are respectively replen- 
ished to developing devices 14, and is composed 
of: toner hoppers 172 in which color toners are 
respectively stored; toner replenishing rollers 171 



which are rotated by control of a CPU 50 which will 
be described later; and replenishing paths 173 
which are connected with toner replenishing inlets 
149 of the dev loping devices 14. 
5 Fig. 3 is a sectional view showing an example 

of the developing device, shown in Fig. 2, in which 
two-component developer is contained. The follow- 
ing devices are accommodated inside the develop- 
ing device: a developing sleeve 141 containing a 

io magnet roller 142; a thin layer forming bar 143 by 
which the layer thickness of the developer attracted 
by the developing sleeve 141 is regulated; a scrap- 
er 144, by which used developer is removed from 
the developing sleeve 141; a supplying roller 145 

75 by which the developer is supplied to the develop- 
ing sleeve 141; and a pair of stirring screws 146 
and 147 by which toner and carrier of the devel- 
oper are mixed together. 

Toner T replenished from the toner replenish- 

20 ing device 17 by a toner replenishing roller 171 
rotated by the control of the CPU, which will be 
described later, is processed as follows: the toner 
T is dropped onto one end of the stirring screw 1 47 
from the toner replenishing inlet 149, and conveyed 

25 in the direction perpendicular to the surface of the 
drawing; the toner T arrives at an end portion of a 
partition wall 148, is moved to the end portion of 
the other stirring screw 146, and conveyed in the 
opposed direction; and the toner T is uniformly 

30 mixed in the developer accommodated in the de- 
veloping device in the foregoing processes, and 
the developer in which a predetermined toner com- 
ponent is contained is obtained. 

Next, the developer is conveyed on the periph- 

35 eral surface of the developing sleeve 141 along a 
PET sheet 143a, which is contacted with the thin 
layer forming bar 143 with pressure, by the fric- 
tional force of the peripheral surface of the sup- 
plying roller 145; the developer is held by the 

40 magnetic force of the magnet roller 142; further, 
the layer thickness of the developer is formed into 
a predetermined thin layer by the contact action of 
the thin layer forming bar 143; and the developer is 
conveyed to the developing area on the 

45 photoreceptor drum 10. 

The developer, in which the toner component 
has been consumed when the toner image was 
formed on the development area on the 
photoreceptor drum 10, is conveyed when the de- 

50 velopment sleeve 141 is rotated clockwise; the 
developer is removed from the peripheral surface 
of the developing sleeve 141 by the scraper 144 
which is contacted with th peripheral surface of 
the developing sleeve 1 41 with pressure; the devel- 

55 oper is dropped again near the supplying roller 
145, mixed with new toner, and fed again to the 
developing sleeve 141. 
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The sensor 51, which detects the toner con- 
centration by the chang of magnetic permeability, 
is provided und r the stirring screw 147 by a 
distance of 0 to 1 mm in th development unit 14, 
wherein the sensor 51 is faced upward. 

When the sensor is provided in the aforemen- 
tioned position, an output of the sensor 51 is 
changed according to the movement of the stirring 
screw 147 provided above the sensor 51 as shown 
by a curve in Fig. 4. Point A on the curve shows an 
output of the sensor 51 when the thread ridge of 
the stirring screw 147 is positioned just above the 
sensor 51, and point B shows the output of the 
sensor 51 when the thread groove of the stirring 
screw 147 is positioned just above the sensor 51. 
Th stirring screw 147 in the example is rotated at 
th rotational speed of 240 rpm, and therefore, the 
period of rotation of the stirring screw 147 is 250 
msec. The CPU detects the toner concentration 
every 15 msec. In the interval of 15 msec, 12 msec 
is for a counting period, and 3 msec is for a data 
reading period. Such detection is repeated, and the 
toner concentration detection is carried out at point 
B. For a period of time (300 msec) longer than that 
of one rotation of the stirring screw 147 (250 
msec), toner concentration detection sampling is 
repeated every 15 msec, and processed in this 
period of time. A series of the aforementioned 
controls is carried out by the CPU, and is pro- 
cessed inside the CPU. 

Fig. 1 is a block diagram showing an example 
of a toner concentration detecting circuit of the 
image recording apparatus of the present invention. 
The same parts as those of the conventional toner 
concentration detecting circuit as shown in Fig. 6 
are denoted by the same symbols and numerals, 
and the detailed description is omitted. In Fig. 1, 
numeral 52b is a buffer transistor, numeral 53 is a 
waveform corrector composed of a comparator, 
numeral 54 is a 16-bit counter, numeral 55 is a 
gate signal generating circuit, into which a clock 
pulse outputted from a reference clock generating 
circuit 56 composed of a quartz oscillator is input- 
ted, and which is composed of a 16-bit counter, 
and the counter 54 and the gate signal generating 
circuit 55 are connected with the CPU 50 through a 
bus line 57. 

One of the outputs from sensors 51 Y to 51 K is 
selected by an analog multiplexer 52a, and input- 
ted into the waveform corrector 53 through a buffer 
transistor 52b. The waveform of the inputted signal 
is corrected to a rectangular waveform by the 
waveform corrector 53, and the signal is inputted 
into the counter 54. In the counter 54, the number 
of pulses is counted in a constant period of time, 
for example, 100 msec, by a gate signal sent from 
the gate signal generating circuit 55. The counted 
number (a digital value) is inputted into the CPU 50 
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at one . The inputted value is com par d with th 
refer nee valu stored in a memory of th CPU 50, 
and a toner r plenishing direction signal is output- 
ted to the ton r replenishing means 17 according 

5 to the result in the foregoing comparison. The 
foregoing processes are repeated in sequence of 
Y, M, C, and K according to the signal selected by 
the analog multiplexer 52a. Due to the foregoing, 
toner is respectively replenished to developer in 

10 each developing device 14. 

In the toner concentration detecting circuit 
shown in Fig. 1, the buffer transistor 52b may be 
omitted, or the buffer transistors may be respec- 
tively accommodated in output sections of sensors 

75 51 Y, 51 M, 51 C, and 51 K. As a switching method, 
by which signals of sensors 51 Y, 51 M, 51 C and 
51 K are respectively switched, the circuit shown in 
Fig. 5 may be used. In Fig. 5, the buffer transistor 
is accommodated in the sensor, and V DD is a 

20 power supply for the sensor, for example, DC + 
5V. SIG is an output signal of the sensor, and it is 
outputted in the form of an almost sinusoidal wave 
of 200 kH 2 .GND is a ground for the sensor. As a 
method by which signals of sensors 51 Y to 51 K are 

25 switched, the power supply V DDi by which the volt- 
age is impressed upon sensors 51 Y to 51 K, is 
switched by an analog multiplexer 52a, and in this 
case, only one sensor is always oscillated. Accord- 
ingly, the interference of signals between sensors 

30 can be prevented, which is advantageous. 

When a step-up circuit, by which the frequency 
is stepped up, is inserted between the waveform 
corrector 53 and the counter 54 so that the appar- 
ent frequency is increased, an amount of the toner 

35 concentration changed per one increased pulse 
can be reduced, so that the detecting accuracy can 
be improved. 

In the image recording apparatus, since the 
toner concentration detecting circuit is structured 

40 as described above, the number of analog circuits 
can be greatly reduced, and the structure can be 
simple. Accordingly, noises can be prevented from 
entraining on the circuit, so that the detecting accu- 
racy can be improved, and the system design of 

45 the control circuit can be easily performed. 

Further, recently, since many digital controlled 
image recording apparatuses are used as de- 
scribed in the example, the following advantage 
can be obtained: cost is easily lowered when digital 

so circuits in the toner concentration detecting circuit 
are integrated in an integrated circuit together with 
digital circuits in the apparatus main body. 

Further, th following advantage can be ob- 
tained: since the gate signal generating means is 

55 directly connected with the CPU by the bus line, 
when a signal to correct the deviations caused by 
the kind of developer or errors inherent to th 
developing device, is sent from the CPU to th 
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gate signal generating m ans, and the gate time is 
changed, the errors can be asily corrected. 

Claims 

1. A toner concentration detecting circuit for two- 
component developer composed of toner and 
carrier in a developing device of an image 
recording apparatus, said toner concentration 
detecting circuit comprising: 

(a) a sensor provided in said developing 
device, for detecting a change of magnetic 
permeability of the developer and for out- 
putting an oscillating frequency according to 
the change of magnetic permeability, 

(b) a waveform corrector for generating a 
square pulse wave according to said os- 
cillating frequency, 

(c) a gate signal generating circuit for gen- 
erating a gate signal, 

(d) a counter for counting the number of 
pulses in said square pulse wave within a 
predetermined period of time according to 
said gate signal, 

(e) a toner replenishing means for replenish- 
ing the toner in said developing device; and 
(0 a central processing unit connected to 
said counter and said gate signal generating 
circuit for comparing the number of counted 
pulses with a reference pre-stored value in 
said centra! processing unit and for generat- 
ing a toner replenishment command signal 
to said toner replenishing means in re- 
sponse to the compared result. 

2. The toner concentration detecting circuit of 
claim 1, wherein said developing device com- 
prises a screw for stirring and conveying the 
developer toward a developing area, and 
wherein a detecting surface of said sensor is 
disposed below a lower portion of said screw 
at a distance of less than 1 mm. 



( ) a counter for counting the number of 
pulses in said squar puis wave within a 
predet rmined p riod of time according to 
said gate signal; 

5 (f) a toner replenishing means for replenish- 

ing the toner in said developing device; 
(g) a central processing unit connected to 
said counter and said gate signal generating 
for comparing the number of counted 

10 pulses with a reference pre-stored value in 

said central processing unit and for generat- 
ing a toner replenishment command signal 
to said toner replenishment means in re- 
sponse to the compared result; 

75 (h) a buffer transistor connected to said 

sensor; and 

(i) a multiplexer connected to said buffer 
transistor, wherein said sensor is selected 
by said multiplexer through switching over a 
20 power source of said sensor. 



25 



30 
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3. An image forming apparatus for two-compo- 
nent developer composed of toner and carrier, 45 
comprising: 

(a) a plurality of developing device; 

(b) a sensor provided in each of said devel- 
oping device, for detecting a change of 
magnetic permeability of the developer and so 
for outputting an oscillating frequency ac- 
cording to the change of magnetic perme- 
ability; 

(c) a waveform corrector for generating a 
square pulse wave according to said os- 55 
cillating frequency; 

(d) a gate signal generating circuit for gen- 
erating a gate signal; 
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